The length of voice onset time (VOT) in uttering Chinese aspirated sounds, which are difficult for Japanese to pronounce, is an important factor in evaluating the quality of pronunciation. In this paper, both the length of the VOT and the power used during the VOT for 21 single-vowel syllables of six different Chinese aspirates were measured for 40 Japanese students and nine native speakers of Chinese. The quality of the students' pronunciation was evaluated using a hearing test judged by eight native Chinese. The results indicated that the correlation between the quality of the students' pronunciation and the power used in uttering a sound was greater than to the VOT within a certain range of VOT which varied for different syllables. Thus, we conclude that power is also an important factor in evaluating the quality of pronunciation.
INTRODUCTION
The number of students learning Chinese in Japan has increased in recent years along with the development of the Chinese economy. There are many different sounds in Chinese pronunciation. As most of them are quite different from Japanese sounds, many Japanese students have difficulty in pronouncing them, especially aspirated sounds. Uttering aspirated syllables requires the speaker to exhale. As Japanese has no aspirated sounds, Japanese students attempt to imitate the sounds made by their native Chinese teachers, but many of them are unable to pronounce them correctly. Recognizing aspirated sounds is also difficult for them. There are 21 aspirated Chinese sounds of singlevowel syllables of six different aspiration sounds: bilabial (p[p']), alveolar (t[t']), velar (kw]), palatal (q[t6'1), retroflex (ch [W] ) and dental (c[~']) [I] , as shown in table 1. We analyzed the VOT and the power used during the VOT for four bilabial syllables in our previous study [2] [3] and showed that the quality of pronunciation depended not only on the VOT but also on the power used during the VOT. In this study, we analyzed another 17 single-vowel syllables of five different aspirated sounds pronounced hy nine native Chinese speakers and 40 Japanese students, who had studied Chinese for 3 hours per week for one year, and again found that the quality of pronunciation depended not only on the VOT but also on the power used during the VOT as reported for bilabial sounds in the previous papers. An average grade of more than 2.6 was defined as a good pronunciation, five of the examiners awarded a 3 and three examiners awarded a 2.
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Figure 2: Spectrograms of dental aspirate syllable ca[ts'al pronounced by native Chinese speaker (right) and Japanese student (left).
It is generally agreed that when an aspirated syllable is pronounced with a brief VOT it sounds unaspirated, and when it is pronounced with a long VOT it sounds aspirated [S] . However, an investigation of all singlevowel aspirated syllables in Chinese shows that there are some exceptions. Figure 2 shows spectrograms of the dental aspirated syllable, ca[ts'al, pronounced by a Japanese student (left) with a VOT of 69 ms and by a Chinese speaker with a VOT of 78 ms. Although the difference was just 9 ms, the student's pronunciation received a low grade of 1.2. The example, also found for other aspirated syllables, shows that the VOT is not the only relevant factor in evaluating the pronunciation of aspirated syllables, although it is closely related to the grade received. In the present study, we found some cases in which student pronunciation of aspirated sounds received a low grade even when the VOT was almost the same as, or longer than that of a Chinese speaker. To fmd the reason for this, we calculated the relative average power during the VOT [2] [3] of the sounds of all single-vowel aspirated syllables in Chinese uttered by 40 Japanese students and nine native Chinese speakers and examined the dependence of the evaluation on them. Table 1 summarizes the average VOT and relative average power for all the single-vowel aspirated syllables. The average student VOT for the syllable, pu [p'u] , had the least difference from that of the Chinese speakers for the four bilabial syllables. However, these syllables received a relatively low average grade of 2.5. The average power was low, and there was a large difference between the power of the Chinese speakers and that of the students. In the case of the alveolar aspirated syllable, te[t'u], the average power of the students showed the largest difference from that of the Chinese speakers for the four syllables, and the pronunciation received a lower grade of 2.2. The students received a high average grade of 2.8 for ka[k'a] of the three velar syllables and their average power was similar to that of the Chinese speakers for this sound. The students' pronunciation of the other aspirated sounds, which had a similar average power to that of the Chinese speakers, also received good grades. These examples indicate that the VOT is not the only factor to consider in evaluating the pronunciation of aspirated syllables, although it is closely related to the grade received.
DEPENDENCE OF EVALUATION ON AVERAGE POWER
Relationship Between Grade and Relative
Average Power Figures 3 and 4 show the distributions of data for two Chinese aspirated sounds, tu[t'u] and cu [k'u] ; the abscissa represents the VOT, and the ordinate represents the relative average power. The average grade was added to the students' individual marks. Points were also plotted for the Chinese speakers to provide a reference. Figure 3 shows the data for the alveolar aspirate, tu [t'u] . DI, located at the top left, has a VOT of 30 ms and a relatively high powerof 30.7; the grade was 2.7. D2 and D3, below DI, had a longer or almost the same VOT as DI; however, they had a lower power of 1.2 and 0.77, and received low grades of 2.6 and 1.9, respectively. The second data sample from the left at the top, D8, had a briefer VOT of 25 ms compared to 36 ms for D7, located at the bottom. However, it had 127 times more power than D7 and received a much higher grade of 2.6 compared to 1 .O for 07. These data show that syllables pronounced with more power received a higher grade. In this assessment, the student data is grouped on the lower left of the figure, while the Chinese data is grouped . . on the $pper right. This clearly shows that the power used by the students was lower than that used by the Chinese speakers, and this was responsible for the low average grade of 2.3 in Table 2 . In this case, if the VOT was between 21 and 55 ms, pronunciation with a higher power received a higher grade. Figure 4 , had a VOT of 55 ms and a power of 0.29. Although D2, located second from left, had a 5-ms longer VOT than DI, it received a grade of 1.2 because the power was about U290 that of D1. Although D5, located third from the top, had a shorter VOT than D6, located at the. bottom, it received a higher grade (2.8 compared to 1.2) than D6 because of its higher power. The Chinese data are grouped in the upper right of the figure. The students' pronunciation had a shorter VOT and lower power than that of the Chinese speakers. The above examples show that pronunciation with higher power received higher grades, even when the VOT was nearly equal to, or shorter than that for sounds uttered with lower power. The results of assessing the pronunciation of 21 single-vowel syllables of six different aspirated syllables showed that the grades for pronunciation with a range of VOT, as shown in Table 2 , depended less on the length of the VOT and more on the average power used for breathing during the VOT.
Dependence of Grade on Relative Average Power
VOTs of Very Short and of Adequate Length
Some examples showed that there was no dependent relationship if the VOT was very short. The grade for the pronunciation of the alveolar aspirated syllable, tu [t'u] , at the far left of Figure 3 , was 1.6 for D9, with a VOT of 17 ms. Although DS, next on the right, had the same power as D9, it received a higher grade (2.6) than D9. In other examples with a longer VOT, the grade did not depend as much on breathing power. As Figure 3 shows for the alveolar aspirated syllable, tu[t'u], D6, located at the bottom right, had a similarly low power to D7 at the bottom left, but it received a good grade for pronunciation (2.9) with a long VOT of 100 ms. For the dental aspiration, cu[a'u], D7, located at the bottom right of Figure 4 , had a slightly higher power than that of D6. But D7, which had a longer VOT, received a higher grade. As this figure shows, pronunciation with a VOT longer than 110 ms received grades above 2.6, which is considered a good grade. As shown above, grades did not correlate closely with power if the length of the VOT was shorter or longer than certain values. The same tendency was also observed in other syllables.
Correlation between Grade and Evaluation Variables
As we showed in Section 5.1.1, grades for the pronunciation of aspirated sounds did not always depend on the length of the VOT in some specific ranges of the VOT. Coefficients for the grades and the variables (length of VOT, and average relative power during the VOT) are summarized in Table 2 . The result of bilabial syllables is in the last paper [3] . These show that the correlation for power is superior to for VOT in the ranges denoted in the table. 
CONCLUSION
To develop methods for teaching students how to pronounce Chinese aspirated syllables correctly, we attempted to establish some evaluation measures. We examined the VOT and average power used during the VOT for 21 single-vowel syllables of six aspirated sounds uttered by nine native Chinese speakers and 40 Japanese students. Grades for the pronunciation of each sound were determined by a hearing test of eight native Chinese speakers. When the length of the VOT for the Chinese aspiration was within a certain range, pronunciation made using higher power received a higher grade. The results
indicate that the quality of the pronunciation of aspirated sounds depends not only on the VOT but also on the power used during the VOT.
